The accumulation of nitrogen (-N) is a serious problem in aquaculture as it could lead to mass mortality events of the cultivated species. Chemilitotrophic nitrification is the most recognized in nitrogen removal underestimating the role of heterotrophic nitrifiers. In the present study, the heterotrophic nitrification capacity of 8 bacterial strains isolated from mangrove soil, periphyton and biofilters was evaluated. The strains were grown in heterotrophic nitrification base medium (HNM medium) with three different nitrogen sources, ammonium, nitrite or nitrate at a final concentration of 8 mg L -1 , 5 mg L -1 and 80 mg L -1 respectively. The concentration of nitrogen (-N) and OD (600 nm) were determined periodically. Only in 4 strains belonging to the Bacillus genus was the capacity for heterotrophic nitrification and aerobic denitrification observed. Among these strains, SM4 strain presented a good removal profile of ammonium, nitrite and nitrate, achieving an average nitrification efficiency of 98. 33 ± 2.89%, 83.67  ± 7.51% and 98.00 ± 0.01% respectively, and a nitrification rate (mg L -1 h -1 ) of 1.71 ± 0.70, 0.13 ± 0.07  and 0.21 ± 0.06 respectively. The nxrB, nirS, nirK genes in the selected strains were identified by PCR. Additionally, several proteins (enzymes) involved in the nitrogen cycle were identified by proteomic analysis, reporting for the first time the presence of the enzymes ammonia monoxygenase (AMO) and nitrite oxide reductase (NXR) in the genus Bacillus. These findings suggest that the strains studied would have a potential use in the biological removal of nitrogen in aquaculture systems.
INTRODUCTION
Aquaculture is the cultivation of aquatic organisms of commercial interest, it implies either the intervention to improve productivity as well as the ownership of cultivated stock. This activity is positioned as the key sector for the development of cities, generating positive impacts at an economic and social level.
The health and productivity of cultivated species is influenced by the physical, chemical and biological conditions of the water. In intensive aquaculture systems it is common to find high levels of organic matter and compounds such as hydrogen sulfide (H 2 S), ammonia (NH 3 ), ammonium (NH 4 + ), inorganic phosphorus (Pi) and carbon dioxide (CO 2 ), which cause stress in aquatic organisms making them susceptible to diseases 1 . Nitrogen (-N) is an important nutrient for cultivated species, however, only 27% is assimilated and 73% of food nitrogen ends up in the water as unconsumed food and excretion products 2 .
The total amount of ammoniacal nitrogen (TAN) includes NH 3 (ammonia) and NH 4 + (ammonium). Although both NH 3 and NH 4 + can be toxic to aquatic organisms, NH 3 is the most toxic form due to the fact that it is discharged (non-ionized) so it is more soluble in lipids and, consequently, crosses phospholipid membranes more easily than the charged NH 4 + form 3 . The high concentration of organic matter in intensive cultivation leads to environmental hypercapnia (high levels of CO 2 ) which favors the cellular assimilation of nitrites, triggering its toxicity in aquatic animals 4 . In vertebrates, nitrite combines with hemoglobin to form methemoglobin, which reduces the ability of blood to transport oxygen to body parts 5 , in the case of invertebrates the effects would be similar.
The transformation of TAN is mainly carried out by chemilitotrophic bacteria through nitrification and denitrification processes 6 . The biotransformation of ammonia to nitrite is a key step of nitrification and can be carried out by ammonia oxidizing bacteria (AOB) of the genus Nitrosomonas and Nitrosococcus or ammonia oxidizing archaeas (AOA) such as Nitrosopumilus maritimus since these microorganisms possess the amoA gene that encodes an enzyme monoxygenase ammonia that oxidizes ammonia in hydroxylamine 7 . Hydroxylamine is oxidized to nitrite by the action of a hydroxylamine oxidase encoded by the hao gene that is also considered a nitrification marker gene. The oxidation of ammonia to nitrite is followed by the oxidation of nitrite to nitrate carried out by nitrite oxidizing bacteria (NOB) of the genus Nitrobacter 8 thanks to the fact that they possess the nxrB gene that encodes the enzyme nitrite oxido-reductase 9 .
Denitrification is the most important process for the nitrogen cycle, since it returns nitrogen to the atmosphere through microbial respiration processes by reducing the assimilation of nitrates (NO 3 -) and nitrites (NO 2 -) to oxide nitrous (N 2 O) and dinitrogen (N 2 ), respectively. Gao J et al., 2018 point out that although it is traditionally known that the denitrification process occurs in anoxic environments, it is currently known that denitrification can occur at oxygen conditions. In recent years, various aerobic denitrifying microorganisms have been selected. Some members of the genus Alcaligenes and Thiobacillus possess key genes such as nirS, nirK and nosZ that encode enzymes; nitrite reductase containing cytochrome cd1, nitrite reductase containing copper (Cu) and the enzyme nitrous oxide reductase, respectively 10 .
Although the chemolithotrophic nitrification is the most recognized in the N-removal processes, the role of heterotrophic bacteria that are detritivorous par excellence should not be underestimated. An example is the enzyme hydroxylamine oxido-reductase (participates in the oxidation of ammonia to nitrite), which was believed to be present only in AOB or AOA, has been isolated from a strain of Bacillus sp strain N31 highly efficient in removal -N 11 . Therefore, the study of the interaction between the chemolithotrophic and heterotrophic communities in culture systems is of vital importance.
In this context, a great interest arises for the isolation of native heterotrophic bacteria that participate in the nitrogen cycle to eliminate the excess of these compounds in the ponds, therefore, the present study aimed to evaluate the capacity of heterotrophic nitrification in native strains isolated from mangrove soil, periphyton and biofilters.
MATERIAL AND METHODS Sampling and media
Mangrove sediment samples were collected in Puerto Pizarro (Tumbes) at 20, 40 and 80 m from the coast. One kilogram of sample was collected from a depth of 20 cm at each sampling point, then these samples were homogenized until a pool was obtained, the samples were placed in 50 ml conical tubes, then transported and stored at 4°C for microbiological analyzes.
For the isolation of the strains the mineral medium AMO 12 which consisted of the following components (g L -1 ): NH 4 Cl 2 0.15, CaCO 3 1.00, KH 2 PO 4 1.00, MgSO 4 .7H 2 O 0.30, NaCl 20, FeSO 4 0.03 and agar 15.00 (optional).
To study the nitrogen removal capacity, the heterotrophic nitrification base medium (NMH) described by Huang et al., 2017, modified Saccharose was used as a carbon source (-C) and added to the HNM medium at a final concentration of 0.1g L -1 in each assay. The nitrogen source (-N) was added to the HNM medium from sterile 0.10 g L -1 and 0.50 g L -1 (w / v) stocks, reaching a final concentration of 8.00 mg L -1 NH 4 SO 4 (HNM-1), 5.00 mg L -1 NaNO 2 (HNM-2) and 80.00 mg L -1 NaNO 3 (HNM-3).
Isolation of bacterial strains
Ten grams of biofilm from biofilter or 10g of mangrove soil was placed in 90 ml of AMO mineral medium and incubated at 25°C for 1 week with constant oxygenation. After this time, 100µl aliquots were seeded by spreading on the surface of AMO mineral agar. The isolation of each strain was performed by streak plate method on the surface of TSA (MERCK, New Jersey, USA) supplemented with 2.00% NaCl. Bacterial isolates were identified by analyzing the color, morphology and staining of Gram by optical microscopy ‫׳(‬ 1000). The strains were stored at -20°C using 15.00% glycerol as a cryoprotectant.
A strain BM6 isolated from periphyton was granted by the Crustaceans Group of Incabiotec SAC.
Molecular identification
DNA ex traction was performed using the Stool DNA Extraction kit (GENEAID BIOTECH LTD, Taipei, Taiwan) according to the manufacturer's instructions. From the bacterial DNA samples, PCR amplification of the 16S rRNA gene was performed using 27F Forward primers (AGAGTTTGATCMTGGCTCAG) and Reverse 1492R (TACGGYTACCTTGTTACGACTT). The amplification was performed under the following conditions; 5 min at 94°C, followed by 35 cycles at 30 s at 94°C, 40 s at 54°C, 1 min at 72°C and 6 min at 72°C.
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The sequencing of the amplicons was performed by the Sanger method in the company MACROGEN, USA (https://www.macrogenusa. com/), the sequences of each isolate were identified by sequence homology using the BLASTN bioinformatic platforms (https://blast.ncbi.nlm. nih.gov/Blast.cgi? PROGRAM= blastn&PAGE_ TYPE=BlastSearch&LINK_LOC= blasthome) and EZBioCloud (https://www.ezbiocloud.net/).
Assessment of heterotrophic nitrification capacity
The assessment of the efficiency and rate of heterotrophic nitrification was carried out according to the methodology described by Huang et al., 2017 with some modifications. After 36 h of culture in TSB medium (MERCK, New Jersey, USA), 6 ml of bacterial preculture was harvested by centrifugation at 4000 g (4°C, 15 min) in a refrigerated centrifuge.
The pellet was washed with 6 ml of sterile saline solution 2.00% NaCl (pH 7.40) three times to purify the cell suspension. Then 0.4 ml of bacterial suspension (10 8 cfu ml -1 ) was inoculated into 40 ml of heterotrophic nitrification base medium with ammonium (HNM-1), nitrite (HNM-2) and nitrate (HNM-3) respectively. They were then incubated at 28°C in constant motion at 160 rpm using a shaker.
In order to rule out the death of bacteria by refrigerated centrifugation, a positive control consisting of 50µl of bacterial suspension inoculated in 5 ml of TSB 2.00% NaCl was performed. The negative control was formed by sterile HNM-1, HNM-2, HNM-3 and TSB 2% NaCl media. All tests were performed in triplicate.
Aliquots from the tests were taken periodically to determine cell density (OD 600 ), ammonium, nitrite and nitrate respectively. The OD 600 was measured by a biophotometer (EPPENDORF BIOPHOTOMETER, Hamburg, Germany) at 600 nm. The concentrations of NH 4 + -N, NO 2 -N and NO 3 -N were measured using the commercial API kit (AQUARIUM P H A R M A C E U T I C A L S , U S A ) f o l l o w i n g manufacturer's instructions.
The efficiency and heterotrophic nitrification rate of each strain was determined using the following formulas:
1. Nitrification efficiency (%) = (C1 -Cn) x 100% / C1; C1 = Initial concentration, Cn = final concentration.
2. Nitrification rate (mg L -1 h -1 ) = (C1 -Cn) / t; t = incubation period.
Molecular characterization
The functional genes involved in the nitrification and denitrification processes were amplified by conventional PCR from bacterial DNA of the selected strains. The sequences of the specific primers and their respective hybridization temperatures are shown in Table  1 . The amplification was performed under the following conditions: 5 min at 94°C, followed by 35 cycles at 30 s at 94°C, 40 s at 54°C, 1 min at 72°C and 6 min at 72°C.
Proteomic analysis
A proteomic analysis was performed in order to identify possible proteins (enzymes) related to the nitrification and denitrification processes in the selected strains.
A volume of 0.4 ml of bacterial suspension (10 8 cfu ml -1 ) was inoculated into 40 ml of heterotrophic nitrification base medium with ammonium (HNM-1), nitrite (HNM-2) and nitrate (HNM-3) respectively, including control tubes positive (strains in TSB) and an additional treatment (HNM base medium supplemented with saccharose), it was also considered a general negative control tube (sterile HNM). They were then incubated at 28°C in constant motion at 160 rpm using a shaker. The samples were centrifuged at 4000 g for 20 min at 4°C, then the supernatant was removed and the pellet was resuspended with 100-500µl of rehydration buffer (8M urea, 20mM DTT, 4% CHAPS) and 1µl PMSF (for every 100µl of rehydration buffer). Then the samples were sonicated for 10 min at 28°C. They were subsequently centrifuged at 10 000 rpm for 10 min at 4°C, 80µl of supernatant (containing the soluble protein fraction) was removed and stored at -20°C.
The preparation of the protein samples for migration was performed by mixing 30µl of supernatant (of the 80µl stored) and 20µl of loading buffer (125 mM Tris pH 6.80, 4% SDS, 20% glycerol, 0.02% Blue Bromophenol, 200 mM DTT, double distilled water). The mixture was incubated in a dry bath at 95°C for 5 min before starting the migration.
The 12% SDS PAGE (Sodium dodecyl sulfate) gel was prepared, and 25µl of each previously prepared protein sample was migrated. Protein migration was performed at 90V and 120A for 3 h.
The polyacrylamide gel containing the migrated proteins was disassembled to fix the proteins using a fixation solution (50.00% methanol; 10.00% acetic acid in double distilled water) for 20 min, then the dyeing of the gel was performed using a staining solution (50.00 % methanol, 10.00% acetic acid, 0.10% Coomasii blue in double distilled water) for 12 h. Subsequently, the gel was discolored using a wash solution (45.00% methanol, 10.00% acetic acid, diluted in double distilled water) for 40 min.
The bands present were cut with a sterile scalpel and deposited in 0.2 ml tubes individually, and were discolored according to the protocol described by Shevchenko et al., 2007 , by incubation and homogenization in ammonium bicarbonate and acetonitrile (1: 1) for 30 min. Followed by incubation in 100µl of acetonitrile until complete discoloration of the bands.
Saturation and digestion of the proteins was performed by incubation in 25µl of trypsin buffer (13 ngµl -1 ) at -4°C for 2 h, followed by incubation at 55°C for 30 min. For the extraction of peptides, extraction buffer (5% formic acid / acetonitrile 1: 2 (V / V)) was used, followed by Subsequently, a 10µL aliquot was removed and placed in a vacuum drying oven for 3 h. The samples were resuspended in 0.1% TFA, mixed with 10 mg ml -1 CHCA matrix ("-cyano-4-hydroxycinmic acid). The matrix was previously resuspended in 0.1% TFA in HPLC grade water and 0.1% TFA in acetonitrile. Aliquots of the resuspended samples were splashed on an opti-
The plate containing the peptide samples was analyzed in a MALDI-TOF / TOF mass spectrophotometer (5800 AB SCIEX SYSTEM, Framingham, USA), which was calibrated using a Mass Standards AB SCIEX TOF / TOF TM Instruments kit (AB SCIEX SYSTEM, Framingham MA, USA). The analysis was carried out with the equipment in positive reflective ion mode, with a 349 nm Nd: YAG laser at an intensity of 3800 and a speed of 600µm / second, the team made 750 shots per spectrum which were analyzed within a mass range between 800 to 4000 m / z, and processed using ProteinPilot ™ software. Sequences not identified by this software were analyzed using Protein BLAST (https://blast.ncbi.nlm.nih.gov/ Blast.cgi?PAGE=Proteins&).
Statistical analysis
All statistical analyzes were performed using a one-way ANOVA with Tukey's HSD test (P <0.05) in the SPSS statistics 21.0 program, the graphics were generated in the Graph Pad program.
RESULTS AND DISCUSSION Isolation, selection and identification of bacterial strains
In total, 9 bacterial strains were isolated using the selective AMO culture medium for nitrifying bacteria. In addition, a strain BM6 isolated from periphyton was granted by the Crustaceans Group of Incabiotec SAC ( Table 2) .
The isolated strains correspond to those that managed to overcome the culture conditions in the AMO medium, that is; 30 ppb salinity, inorganic carbon source and a high concentration of ammonium (NH 4 Cl 0.15 g L -1 ). Due to these conditions, the AMO medium has been reported for the isolation of nitrifying bacteria such as Nitrosomonas sp and Nitrobacter sp. 12 .
However, in the present study we obtained bacteria of the Bacillus and Vibrio genera, which allows us to hypothesize that these strains would have the ability to use ammonia as a source of nitrogen, surviving the culture conditions in AMO medium. In addition, many heterotrophic microorganisms contribute to nitrification processes, including ammonium oxidation and nitrite oxidation 14 .
Isolates of the Vibrio genus were not taken into account for the tests because they are considered deadly pathogens in the aquaculture. So heterotrophic nitrification capacity was evaluated in eight strains of the genus Bacillus.
Assessment of heterotrophic nitrification capacity in strains of the genus Bacillus
It was observed that only 4 strains were able to perform heterotrophic nitrification. Nitrification characteristics demonstrate that there is a relationship between the increase in OD 600 biomass and the decrease in the source of supplemented nitrogen.
The strains obtained their maximum growth between 36 and 48 h reaching their stationary phase after 48h. The OD 600 of SM4 strain was increased from 0.03 to 0.16, 0.13 and 1.04 to 24 hours of culture in HNM-1, HNM-2 and HNM-3 medium respectively, reaching a 95% efficiency of ammonium removal with a rate of nitrification of 0.32 mg L -1 h -1 .
At 48 hours it reached 100% removal efficiency of ammonium. This strain also presented a good nitrite removal profile reaching a removal efficiency of 98% with a nitrification rate of 0.21 mg L -1 h -1 . The OD 600 of SM5 strain was increased from 0.03 to 0.10, 0.09 and 0.31 to 24 hours of culture in medium HNM-1, HNM-2 and HNM-3 respectively. This strain was able to remove the nitrite with a nitrification efficiency of 80% and a nitrification rate of 0.08 mg L -1 h -1 (at 48 h).
The OD 600 of BM6 strain was increased from 0.03 to 0.11 and 0.09 to 24 h of culture in HNM-1 and HNM-3 medium respectively, no growth or nitrite removal was observed in HNM-2. There was no significant increase in the OD 600 of EBA-P strain, however at 24 h it was able to remove the nitrite by 50% (Fig. 1) .
The SM4 strain had a good removal profile of ammonium, nitrite and nitrate, achieving a nitrification efficiency of 95.00%, 98.00% and 75.00% respectively at 24 h. These values were high compared to those found by Huang et al., 2017 , who report that Bacillus litoralis N31 has an nitrification efficiency of ammonium, nitrite and nitrate of 86.30%, 89.30% and 89.40% respectively after 48 h of cultivation.
Song, An, Fu, & Yang, 2011, report that the strain Bacillus sp. YX-6 removed 10 mg L -1 of nitrite at zero in 14 h. In this investigation, the SM5 strain removed the nitrite with an efficiency of 80.00% at 48 h. On the other hand, BM6 and EBA-P strains removed ammonia with an efficiency of 75.00% (at 60 h) and nitrate with an efficiency of 48.00% and 50.00% respectively at 24 h. The difference in efficiency vs. time could be attributed to the various degrees of oxidation of these compounds by some strains of Bacillus spp, which would be influenced by the initial concentration of ammonium, nitrite or nitrate, for example, the strain Bacillus sp. P7 that achieved a removal efficiency of ammonium of 92.00-95.00% only when the initial levels were 1-2 mg L -1 16 . In our case the initial concentrations were 8.00 mg L -1 , 5.00 mg L -1 and 80.00 mg L -1 for ammonium, nitrite and nitrate respectively, taking as criteria the highest levels found in L. vannamei culture systems. The removal of ammonium, nitrite or nitrate was not observed in the SM1, SB1, ESM-P1 y ESM-P2 strains (zero values were obtained), so these strains would not have the nitrification capacity.
According to the results, the strains selected were; SM4, SM5, BM6 and EBA-P. Table  3 shows the mean of the efficiency and rate nitrification observed at 24, 48 and 60 hours, it is observed that the nitrification efficiency of ammonium and nitrite in SM4 was higher than the rest of the strains (p <0.05). Regarding nitrate removal, no significant difference was observed between the strains.
Identification of genes involved in nitrification and denitrification processes
The amoA, nxrB, nirS, nirK and nosZ genes in the selected strains were evaluated by conventional PCR (Table 4 ).
The amoA gene encodes the subunit A of the enzyme ammonia monoxygenase (catalyzes the oxidation of ammonia in hydroxylamine) that together with amoC and amoB are part of the AMO operon present in all the chemilitotrophic AOBs studied (Nitrosomonas europaea, Nitrosaspira multiformis, Nitrosococcus oceanus and Nitosospira sp). In the genus Bacillus, the amoA gene has been poorly studied, finding only a report of the presence of the amoA gene in the strain Bacillus sp LY where they also determined that the amoB gene was absent unlike what was found in AOB where the amoA and amoB gene are co-transcribed which suggests that amoB would not be part of the same transcriptional unit and, therefore, is not a member of the master operon in Bacillus sp LY 17 . In the present study, the amoA gene was absent in the four strains that have the ability to remove ammonia, which raises doubts, since it could be due to the primers used in both studies, which differ in the sequences.
The nxrB gene encodes the subunit B of the nitrite oxide reductase enzyme that has a key role in the nitrification process, is used as a functional and phylogenetic marker of Nitrospira species of the NOB group 18 . In nitrifying heterotrophic bacteria, the nxrB gene has been poorly studied, finding only a report of the presence of the nxrA and nxrB gene in the Pseudomonas denitrificans strain which explains its ability to transform nitrite to nitrate 19 . In this study, the presence of the nxrB gene in SM5 and EBA-P strains is reported for the first time. It should be noted that the primers used in this research were pre-designed for the nxrB gene of Nitrobacter sp 7 , which suggests that the gene found in the Bacillus strains evaluated could be closely related to the nxrB gene of Nitrobacter. Recently, a study on the genome of Bacillus subtilis DM2 revealed the presence of several horizontal transfer genes from phagos, which play critical roles in the acquisition of resistance genes and adaptation to hostile environments 20 as the stress conditions caused by high concentrations of nitrite which is toxic to many microorganisms 21 . The findings in the present study, together with the coexistence of the Nitrobacter genus and heterotrophic bacteria in natural environments 14 , allow us to hypothesize the horizontal transfer of Nitrobacter genes to Bacillus either directly or phage-mediated.
The presence of nirS and nirK genes that encode two functionally equivalent but structurally distinct forms, enzymes, was also evaluated; nitrite reductase containing a cytochrome cd1 and nitrite reductase containing Cu, which have a primary role in the denitrification process 22 . Both nirS and nirK are present in the periplasm of Gram-negative bacteria or between the cell membrane and the cell wall of some Archaeas. At the phylogenetic level nirK and nirS are prevalent in αand β-Proteobacteria, respectively 23 , where some of their members are involved in aerobic heterotrophic denitrification.
The nirK gene was found in Alcaligenes faecalis JCM20522 and Hyphomicrobium sp NL23 while the nirS gene was amplified in Bacillus sp YX-6 and Pseudomonas stutzeri X31 24 . In the present study the nirK gene was identified in SM4 and EBA-P while the nirS gene was absent in both strains, however, it was present in SM5. One possible explanation would be that the nirS and nirK genes do not coexist in the same bacteria 25 . Likewise, the results coincide with those found by , who first reported the presence of the nirK gene in Bacillus firmus.
Nitrous oxide reduction is the last step in the denitrification pathway and is catalyzed by the enzyme nitrous oxide reductase encoded by the nosZ gene 27 . This gene has been identified in several strains of Bacillus spp. 28 using degenerate primers designed based on heterotrophic bacteria, which differ from those used in the present study. This could be an explanation of the absence of the nosZ gene in the strains evaluated.
Some aerobic denitrifiers are also capable of performing heterotrophic nitrification 24 which would explain the presence of nxrB (nitrification) and nirS or nirK (denitrification) genes in the SM5 and EBA-P strains.
Identification of proteins involved in nitrification and denitrification processes
The presence of genes in microorganisms is not indicative enough to affirm their metabolic activity, therefore, in the present investigation by MALDI TOF TOF mass spectometry the presence of enzymes (proteins) related to nitrification and denitrification processes in the selected strains grown in HNM-1, HNM-2, HNM-3 medium, in HNM medium with saccharose and in TSB medium. 16 .02% in EBA-P / TSB. Proteins belonging to other metabolic pathways / cell structure were grouped in the category of others (Fig. 2) .
Knowledge about the activity and structure of the enzyme ammonium monoxygenase (AMO) has been obtained mainly from studies in Nitrosomonas europaea 29 , however, it is known that the purified AMO enzyme of the heterotrophic bacterium Paracoccus denitrificans is a quinol oxidase that has similar properties to AMO enzyme from Nitrosomonas europaea and methane monoxygenase (MMO) enzyme from Methylococcus capsulatus. The amoA genes of the nitrifying heterotrophic bacteria appear to share similarities with the AOB amoA gene sequences 14 .
In the present study the AMO enzyme was first identified in SM4 and EBA-P, while in SM5 and BM6 both AMO and MMO were identified.
Both enzymes, AMO and MMO, are integral membrane proteins 30 which would explain their presence frequently when the strains were cultured in TSB medium since in this medium cell growth (pellet bacterial) was higher compared to the other tests. These enzymes would be responsible for the capacity exhibited by the strains selected in the removal of ammonium.
T h e h y d r o x y l a m i n e o x i d a s e / hydroxylamine oxidoreductase (HAO) enzyme is a periplasmic enzyme that catalyzes the oxidation of hydroxylamine to nitrite 29 where several type C cytochromes are involved in electron transport. HAO is a key enzyme within this chain, since the electrons generated by its reaction are used by AMO who in turn generates hydroxylamine during the electron transport chain for power generation 31 . In autotrophic nitrifiers it is a trimeric enzyme whose subunits contain 8 heme groups. The HAO of the nitrifying heterotrophic bacteria, such as Pseudomonas denitrificans and Pseudomonas strain PB16, are soluble and do not contain heme groups 14 .
Yang, 2017, reports for the first time the purification of HAO from Bacillus sp K5. In the present study, both HAO and cytochrome C protein were present in SM4, SM5, BM6 and EBA-P which reinforces the evidence of ammonium removal in these strains.
The nitrite oxide reductase enzyme (NOR or NXR) contains multiple subunits, iron and sulfur centers and a molybdenum cofactor. It is attached to the internal cytoplasmic surface of the NOB bacterial membrane and catalyzes the oxidation of nitrite to nitrate using cytochrome c as an electron acceptor 32 . No reports of NXR have been found in heterophic bacteria. In the present study, the alpha subunit of the nitrite oxidoreductase enzyme in EBA-P has been identified for the first time.
The nitrite reductase enzyme is a periplasmic protein and is key in denitrification since it produces the first gaseous product, nitric oxide. There are two types of dissimilatory nitrite reducing enzymes that catalyze precisely the same reaction but differ in their cofactors. One type, encoded by nirS genes, contains a cytochrome cd1, while the second type, encoded by nirK genes, contains copper 33 . Nitrite reductase encoded by nirK was present in all strains while nitrite reductase encoded by nirS was only present in EBA-P.
Nitrous oxide reductase (N 2 OR) is a periplasmic enzyme encoded by the nosZ gene, which belongs to a group of nosRZDFYL genes, which encode several auxiliary proteins required for expression, maturation and maintenance. Typically, the N 2 OR enzyme has long been considered the only enzyme involved in the mitigation of nitrous oxide (N 2 O), however, a closely related enzymatic variant called atypical nosZ has been identified in various microbial taxa 34 . In our study, although it was not possible to identify the nosZ gene in the evaluated strains, the N 2 OR protein was identified in all selected Bacillus strains. This suggests that the selected strains would play an important role in the loss of gaseous nitrogen and the regulation of nitrous oxide emissions in various environments 28 . Table   5 shows a summary of the proteins involved in the nitrification and denitrification processes identified in the selected Bacillus strains.
CONCLUSION
Extreme conditions in shrimp farming could inhibit the activity of nitrifying chemilitotrophic bacteria. in these cases, heterotrophic nitrifying microorganisms contribute greatly to nitrification processes in aquaculture systems. In the present work it was possible to isolate, select and characterize at the molecular level 4 strains of the genus Bacillus capable of performing heterotrophic nitrification and aerobic denitrification. The nxrB, nirS and nirK genes considered markers of the nitrification and denitrification processes were identified by PCR. In addition, by MALDI TOF TOF mass spectometry, several enzymes involved in the nitrogen cycle were identified, the presence of the enzymes ammonia monoxygenase (AMO) and nitrite oxide reductase (NXR) in the genus Bacillus being reported for the first time. The strains studied would have a potential use in the biological removal of nitrogen in intensive aquaculture systems.
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